This paper derives optimal inheritance tax formulas that capture the key equityefficiency trade-off, are expressed in terms of estimable sufficient statistics, and are robust to the underlying structure of preferences. We consider dynamic stochastic models with general and heterogeneous bequest tastes and labor productivities. We limit ourselves to simple but realistic linear or two-bracket tax structures to obtain tractable formulas. We show that long-run optimal inheritance tax rates can always be expressed in terms of aggregate earnings and bequest elasticities with respect to tax rates, distributional parameters, and social preferences for redistribution. Those results carry over with tractable modifications to (a) the case with social discounting (instead of steady-state welfare maximization), (b) the case with partly accidental bequests, (c) the standard Barro-Becker dynastic model. The optimal tax rate is positive and quantitatively large if the elasticity of bequests to the tax rate is low, bequest concentration is high, and society cares mostly about those receiving little inheritance. We propose a calibration using micro-data for France and the United States. We find that for realistic parameters the optimal inheritance tax rate might be as large as 50%-60%-or even higher for top bequests, in line with historical experience.
Introduction
There is substantial controversy both in the public policy debate and among economists about the proper level of taxation of inherited wealth. The public debate centers around the equity vs. efficiency trade-off. In the economic debate, there is a disparate set of models and results on optimal inheritance taxation. Those models differ primarily in terms of preferences for savings/bequests and the structure of economic shocks. In the dynastic interpretation of the infinite horizon model of Chamley (1986) and Judd (1985) with no stochastic shocks, the optimal inheritance tax is zero in the long-run because a constant inheritance tax rate creates a growing distortion on inter-temporal choices. However, many subsequent studies have shown that this famous zero tax result can be overturned by relaxing each of the key hypotheses.
1 In a two-generation model with parents starting with no wealth but having heterogeneous working abilities and leaving bequests to children (with no earnings), bequest taxes are useless with an optimal earnings tax on parents if social welfare is measured solely from the parents' perspective (Atkinson and Stiglitz, 1976) . If children' utilities also enter directly social welfare, then a negative bequest tax is desirable (Kaplow, 2001 and Farhi and Werning, 2010) . Hence, the theory of optimal inheritance taxation is scattered with no clear policy implications as different-yet difficult to test-assumptions for bequest behavior lead to different formulas and magnitudes.
In this paper, we make progress on this issue by showing that optimal inheritance tax formulas can be expressed in terms of estimable "sufficient statistics" including behavioral elasticities, distributional parameters, and social preferences for redistribution. Those formulas are robust to the underlying primitives of the model and capture the key equity-efficiency trade-off in a transparent way. This approach has been fruitfully used in the analysis of optimal labor income taxation (Piketty and Saez, 2013 provide a recent survey). We follow a similar route and show that the equity-efficiency trade-off logic also applies to inheritance taxation. This approach successfully brings together many of the existing scattered results from the literature.
We first consider dynamic stochastic models with general and heterogeneous preferences for bequests and ability for work where donors care solely about the net-of-tax bequest they leave to their heirs, and where the planner maximizes long-run steady-state welfare (Section 2.2). This is the simplest case to illustrate the key equity-efficiency trade-off transparently. Importantly, our results carry over with tractable modifications to (a) the case with social discounting instead of steady-state welfare maximization (Section 2.3), (b) the case with partly accidental bequests (Section 2.5), (c) the standard Barro-Becker dynastic model with altruism (Section 3).
In all cases, the problem can be seen as an equity-efficiency trade-off where the optimal inheritance tax rate decreases with the elasticity of aggregate bequests to the net-of-tax bequest tax rate (defined as one minus the tax rate), and decreases with the value that society puts on the marginal consumption of bequest receivers and bequest leavers. The optimal tax rate is positive and quantitatively large if the elasticity is low, bequests are quantitatively large and highly concentrated, and society cares mostly about those receiving little inheritance. In contrast, the optimal tax rate can be negative when society cares mostly about inheritors.
As in the public debate, the desirability of taxing bequests hinges primarily on wealth inequality and mobility and how social marginal welfare weights are distributed atcross groups.
The optimal tax rate is zero when the elasticity of bequests is infinite nesting the zero tax
Chamley-Judd result. In contrast to Farhi and Werning (2010) , inheritance taxation is positive even with optimal labor taxation because, in our model with bequests, inequality is bidimensional and earnings are no longer the unique determinant of lifetime resources. As a result, the famous Atkinson and Stiglitz (1976) zero-tax result breaks down.
2 Importantly, we limit ourselves to extremely simple linear (or two-bracket) tax structures on inheritances and labor income to be able to obtain tractable formulas in models with very heterogeneous preferences. The advantages are that, by necessity, our tax system is well within the realm of current practice and the economic trade-offs appear transparently. This "simple tax structure" approach is in contrast to the recent new dynamic public finance (NDPF) literature (Kocherlakota, 2010 provides a recent survey) which considers the fully optimal mechanism given the informational structure. The resulting tax systems are complex-even with strong homogeneity assumptions for individual preferences-but potentially more powerful to increase welfare. Therefore, we view our approach as complementary to the NDPF approach.
As an illustration of the use of our formulas in sufficient statistics for policy recommendations, we propose a numerical simulation calibrated using micro-data for the case of France and the United States (Section 4). For realistic parameters the optimal inheritance tax rate might be as large as 50%-60%-or even higher for top bequests, in line with historical experience.
2 Optimal Inheritance Tax with Bequests in the Utility
Model
We consider a dynamic economy with a discrete set of generations 0, 1, .., t, .. and no growth.
Each generation has measure one, lives one period, and is replaced by the next generation.
Individual ti (from dynasty i living in generation t) receives pre-tax inheritance b ti ≥ 0 from generation t−1 at the beginning of period t. The initial distribution of bequests b 0i is exogenously
given. Inheritances earn an exogenous gross rate of return R per generation. We relax the nogrowth and small open economy fixed factor price assumptions at the end of Section 2.3.
Individual maximization. Individual ti has exogenous pre-tax wage rate w ti , drawn from an arbitrary but stationary ergodic distribution (with potential correlation of individual draws across generations). Individual ti works l ti , and earns y Lti = w ti l ti at the end of period and then splits lifetime resources (the sum of net-of-tax labor income and capitalized bequests received)
into consumption c ti and bequests left b t+1i ≥ 0. We assume that there is a linear labor tax at rate τ Lt , a linear tax on capitalized bequests at rate τ Bt , and a lumpsum grant E t . We denote by b t , c t , y Lt aggregate bequests received, consumption, and labor income in generation t. We assume that the stochastic processes for utility functions V ti and for wage rates w ti are such that, with constant tax rates and lumpsum grant, the economy converges to a unique ergodic steady-state equilibrium independent of the initial distribution of bequests (b 0i ) i . All we need to assume is an ergodicity condition for the stochastic process for V ti and w ti . Whatever parental taste and ability, one can always draw any other taste or productivity. 4 In equilibrium, all individuals maximize utility as in (1) and there is a resulting steady-state ergodic equilibrium distribution of bequests and earnings (b ti , y Lti ) i . In the long-run, the position of each dynasty i is independent of the initial position (b 0i , y L0i ).
Steady-State Welfare Maximization
For pedagogical reasons, we start with the case where the government considers the long-run steady state equilibrium of the economy and chooses steady-state long-run policy E, τ L , τ B to maximize steady-state social welfare, defined as a weighted sum of individual utilities with
Pareto weights ω ti ≥ 0, subject to a period-by-period budget balance E = τ B Rb t + τ L y Lt :
In the ergodic equilibrium, social welfare is constant over time. Taking the lumpsum grant E as fixed, τ L and τ B are linked to meet the budget constraint, E = τ B Rb t + τ L y Lt . As we shall see, the optimal τ B depends on the size of behavioral responses to taxation captured by elasticities, and the combination of social preferences and the distribution of bequests and earnings captured by distributional parameters, which we introduce in turn.
Elasticity parameters. The aggregate variable b t is a function of 1 − τ B (assuming that τ L adjusts), and y Lt is a function of 1 − τ L (assuming that τ B adjusts). Formally, we can define the corresponding long-run elasticities as:
Long-run elasticities:
That is, e B is the long run elasticity of aggregate bequest flow (i.e. aggregate capital accumulation) with respect to the net-of-bequest-tax rate 1 − τ B , while e L is the long run elasticity of aggregate labor supply with respect to the net-of-labor-tax rate 1 − τ L . Importantly, those elasticities are policy elasticities (Hendren, 2013) that capture responses to a joint and budget neutral change (τ B , τ L ). Hence, they incorporate both own-and cross-price effects. Empirically, e L and e B can be estimated directly using budget neutral joint changes in (τ L , τ B ) or indirectly by decomposing e L and e B into own-and cross-price elasticities, and estimating these separately.
Distributional parameters. We denote by g ti = ω ti V ti c / j ω tj V tj c the social marginal welfare weight on individual ti. The weights g ti are normalized to sum to one. g ti measures the social value of increasing consumption of individual ti by $1 (relative to distributing the $1 equally across all individuals). Under standard redistributive preferences, g ti is low for the well-off (those with high bequests received or high earnings) and high for the worse-off. To capture distributional parameters of earnings, bequests received, bequests left, we use the ratios-denoted with an upper bar-of the population average weighted by social marginal welfare weights g ti to the unweighted population average (recall that the g ti weights sum to one). Formally, we have:
Each of those ratios are below one if the variable is lower for those with high social marginal welfare weights. With standard redistributive preferences, the more concentrated the variable is among the well-off, the lower the distributional parameter.
Optimal τ B derivation. To obtain a formula for the optimal τ B (taking τ L as given), we consider a small reform dτ B > 0. Budget balance with dE = 0 requires dτ L < 0 such that
Using the elasticity definitions (3), this implies
Using the fact that b t+1i and l ti are chosen to maximize individual utility and applying the envelope theorem, the effect of the reform dτ B , dτ L on steady-state social welfare (2) is:
At the optimum τ B , dSW F = 0. Using the individual first order condition
, we have:
where we have expressed db ti using e Bti =
the individual elasticity of bequest received (e B is the bequest-weighted population average of e Bti ).
The first term in (6) captures the negative effect of dτ B on bequest received (the direct effect and the dynamic effect via reduced pre-tax bequests), the second term captures the positive effect of reduced labor income tax, the third term captures the negative effect on bequest leavers.
Finally, letê B be the average of e Bti weighted by g ti b ti .
5 Dividing (6) by Rb t dτ B , and using the distributional parameters from (4), the first order condition (6) can be rewritten as:
, hence re-arranging Steady-State Optimum. For a given τ L , the optimal tax rate τ B that maximizes long-run steady state social welfare with period-by-period budget balance is given by:
.
with e B and e L the aggregate elasticities of bequests and earnings with respect to 1 − τ B and 1 − τ L defined in (3), and withb received ,b left , andȳ L the distributional parameters defined in (4).
5ê
B is equal to e B (b ti -weighted average of e Bti ) if individual bequest elasticities are uncorrelated with g ti .
Five important points are worth noting about the economics behind formula (7).
1. Role of R. The presence of R in formula (7) is a consequence of steady-state maximization,
i.e., no social discounting. As shown in Section 2.3, with social discounting at rate ∆ < 1, R should be replaced by R∆. Furthermore, in a closed economy with government debt, dynamic efficiency implies that the modified Golden, R∆ = 1, holds. Hence, formula (7) continues to apply in the canonical case with discounting and dynamic efficiency by replacing R by one in equation (7). This also remains true with exogenous economic growth. Therefore, if one believes that the natural benchmark is dynamic efficiency and no social discounting (∆ = 1), then formula (7) can be used with R = 1. As we shall discuss, it is unclear however whether this is the most relevant case for numerical calibrations.
2. Endogeneity of right-hand-side parameters. As with virtually all optimal tax for- Formula (7) can also be used to evaluate bequest tax reform around current tax rates. If current τ B is lower than (7) then it is desirable to increase τ B (and decrease τ L ) and vice-versa. Formula (7) is valid for any τ L meeting the government budget (and does not require τ L to be optimal). we specialize our model to the Farhi-Werning two-period case with uni-dimensional inequality.
5. General social marginal welfare weights. General social marginal welfare weights allow great flexibility in the social welfare criterion choice (Stantcheva and Saez, 2013) . One normatively appealing concept is that individuals should be compensated for inequality they are not responsible for-such as bequests received-but not for inequality they are responsible forsuch as labor income (Fleurbaey, 2008) . This amounts to setting social welfare weights g ti to zero for all bequest receivers and setting them positive and uniform on zero-bequests receivers.
About half the population in France or the US receives negligible bequests (Section 4). Hence, this "Meritocratic Rawlsian" optimum has broader appeal than the standard Rawlsian case.
Meritocratic Rawlsian Steady-State Optimum. The optimal tax rate τ B that maximizes long-run welfare of zero-bequest receivers with period-by-period budget balance is given by:
b left ,ȳ L the ratios of average bequests left and earnings of zero-receivers to population averages.
In that case, even when zero-receivers have average labor earnings (i.e.,ȳ L = 1), if bequests are quantitatively important in life-time resources, zero-receivers will leave smaller bequests than average so thatb left < 1. Formula (8) then implies τ B > 0 even with R = 1 and e L = 0.
In the inelastic labor case, formula (8) further simplifies to
. If we further assume e B = 0 and R = 1 (benchmark case with dynamic efficiency and ∆ = 1), the optimal
depends only on distributional parameters, namely the relative position of zero-bequest receivers in the distributions of bequests left and labor income. For instance, if b left /ȳ L = 50%, e.g. zero-bequest receivers expect to leave bequests that are only half of average bequests and to receive average labor income, then it is in their interest to tax bequests at rate τ B = 50%. Intuitively, with a 50% bequest tax rate, the distortion on the "bequest left" margin is so large that the utility value of one additional dollar devoted to bequests is twice larger than one additional dollar devoted to consumption. For the same reasons, ifb left /ȳ L = 100%, but R = 2, then τ B = 50%. If the return to capital doubles the value of bequests left at each generation, then it is in the interest of zero receivers to tax capitalized bequest at a 50% rate, even if they plan to leave as much bequests as the average. These intuitions illustrate the critical importance of distributional parameters-and also of perceptions. If everybody expects to leave large bequests, then subjectively optimal τ B will be fairly small-or even negative.
Social Discounting, Government Debt, and Dynamic Efficiency
In this section, the government chooses policy (τ Bt , τ Lt ) t to maximize a discounted stream of social welfare across periods with generational discount rate ∆ ≤ 1 (Section 2.2 was the special case ∆ = 1). We derive the long-run optimum τ B , i.e., when all variables have converged.
Budget balance and open economy. Let us first keep period-by-period budget balance so that E t = τ Bt Rb t + τ Lt y Lt along with the open economy R exogenous assumption. Consider again a reform dτ B so that dτ Bt = dτ B for all t ≥ T (and correspondingly dτ Lt to maintain budget balance and keeping E t constant) with T large (so that all variables have converged),
In contrast to steady-state maximization, we have to sum effects for t ≥ T . Those terms are not identical as the response to the permanent small tax change might build across generations t ≥ T . However, we can define average discounted elasticities e B ,ê B , e L to parallel our earlier analysis (see appendix A.1, equations (A2) and (A3) for exact and complete definitions). The necessity of defining such discounted elasticities complicates the complete presentation of the discounted welfare case relative to steady-state welfare maximization. The key additional difference with steady-state maximization is that the reform starting at T also hurts generation T − 1 bequest leavers. In appendix A.1, we formally derive the following formula:
Long-run optimum with social discounting. The optimal long-run tax rate τ B that maximizes discounted social welfare with period-by-period budget balance is given by:
with e B ,ê B , and e L the discounted aggregate bequest and earnings elasticities defined in appendix A.1 equations (A2) and (A3), and withb
The only difference with (7) is that R is replaced by R∆ in the denominator of the term reflecting the utility loss of bequest leavers. The intuition is transparent: the utility loss of bequest leavers has a multiplicative factor 1/∆ because bequests leavers are hurt one generation in advance of the tax reform. Concretely, a future inheritance tax increase 30 years away, does not generate any revenue for 30 years and yet already hurts the current adult population who will leave bequests in 30 or more years. Naturally, with ∆ = 1 and formulas (7) and (9) Therefore, it is natural to consider the closed-economy case with endogenous capital stock
, where L t is the total labor supply, and rates of returns on capital and labor are given by R t = 1+F K and w t = F L . Denoting by R t = R t (1−τ Bt ) and w t = w t (1 − τ Lt ) the after-tax factor prices, the government budget dynamics is given by
Two results can be obtained in that context. First, going back for an instant to the budget balance case, it is straightforward to show that formula (9) carries over unchanged in this case. This is a consequence of the standard optimal tax result of Diamond and Mirrlees (1971) that optimal tax formulas are the same with fixed prices and endogenous prices. The important point is that the elasticities e B and e L are pure supply elasticities (i.e., keeping factor prices constant). Intuitively, the government chooses the net-of-tax prices R t and w t and the resource constraint is 0
so that the pre-tax factors effectively drop out of the maximization problem and the same proof goes through (see web appendix S.1.1 for complete details). Second, and most important, moving to the case with debt, we can show that the long-run optimum takes the following form.
Long-run optimum with social discounting, closed economy, and government debt.
In the long-run optimum, the Modified Golden Rule holds so that R∆ = 1. The optimal long-run tax rate τ B continues to be given by formula (9) with R∆ = 1,
Proof: We first establish that the Modified Golden Rule holds in the long-run. Consider a small reform dw T = dw > 0 for a single T large (so that all variables have converged). Such a reform has an effect dSW F on discounted social welfare (measured as of period T ) and da on long-term government debt (measured as of period T ). Both dSW F and da are proportional to dw. Now consider a second reform dw T +1 = −Rdw < 0 at T + 1 only. By linearity of small changes, this reform has welfare effect dSW F = −R∆dSW F as it is −R times larger and happens one period after the first reform. The effect on government debt is da = −Rda measured as of period T + 1, and hence −da measured as of period T (i.e., the same absolute effect as the initial reform). Hence, the sum of the two reforms would be neutral for government debt. Therefore, if social welfare is maximized, the sum has to be neutral from a social welfare perspective as well implying that dSW F + dSW F = 0 so that R∆ = 1.
Next, we can easily extend the result above that the optimal tax formula takes the same form with endogenous factor prices (appendix S.1.1). Hence, (9) applies with R∆ = 1. Q.E.D.
This result shows that dynamic efficiency considerations (i.e., optimal capital accumulation)
are conceptually orthogonal to cross-sectional redistribution considerations. That is, whether or not dynamic efficiency prevails, there are distributional reasons pushing for inheritance taxation, as well as distortionary effects pushing in the other direction, resulting into an equity-efficiency trade-off that is largely independent from aggregate capital accumulation issues.
7
One natural benchmark would be to assume that we are at the Modified Golden Rule (though this is not necessarily realistic). In that case, the optimal tax formula (10) is independent of R and ∆ and depends solely on elasticities e B , e L and the distributional factorsb
If the Modified Golden Rule does not hold (which is probably more plausible) and there is too little capital so that R∆ > 1, then the welfare cost of taxing bequests left is smaller and the optimal tax rate on bequests should be higher (everything else being equal). The intuition for this result is simple: if R∆ > 1, pushing resources toward the future is desirable. Taxing bequests more in period T hurts period T − 1 bequest leavers and benefits period T labor earners, effectively creating a transfer from period T − 1 toward period T . This result and intuition depend on our assumption that bequests left by generation t − 1 are taxed in period t without the need to consider dynamic efficiency issues (see appendix S.2).
The key point of this discussion is that, with government debt and dynamic efficiency (R∆ = 1), formula (10) no longer depends on the timing of tax payments.
Economic growth. Normatively, there is no good justification for discounting the welfare of future generations, i.e. for assuming ∆ < 1. However, with ∆ = 1, the Modified Golden Rule implies that R = 1 so that the capital stock should be infinite. A standard way to eliminate this unappealing result as well as making the model more realistic is to consider standard labor augmenting economic growth at rate G > 1 per generation. Obtaining a steady-state where all variables grow at rate G per generation requires imposing standard homogeneity assumptions on individual utilities so that
one. In that case, labor supply is unaffected by growth. The risk aversion parameter γ reflects social value for redistribution both within and across generations. 9 We show in appendix S.1.2:
First, the steady-state optimum formula (7) carries over in the case with growth by just replacing R by R/G. The intuition is simple. Leaving a relative bequest b t+1i /b t+1 requires making a bequest G times larger than leaving the same relative bequest b t+1i /b t . Hence, the relative cost of taxation to bequest leavers is multiplied by a factor G.
Second, with social discounting at rate ∆, marginal utility of consumption grows at rate G −γ < 1 as future generations are better off and all macro-economic variables grow at rate G.
This amounts to replacing ∆ by ∆G 1−γ in the social welfare calculus dSW F . Hence, with those two new effects, formula (9) carries over simply replacing ∆R by ∆(R/G)
Third, with government debt in a closed economy, the Modified Golden Rule becomes ∆RG −γ = 1 (equivalent to r = δ + γg when expressed in conventional net instantaneous returns). The well-known intuition is the following. One dollar of consumption in generation t + 1 is worth ∆G −γ dollars of consumption in generation t because of social discounting ∆ and because marginal utility in generation t + 1 is only G −γ times the marginal utility of generation t. At the dynamic optimum, this must equal the rate of return R on government debt. Hence, with the Modified Golden Rule, formula (10) carries over unchanged with growth.
Role of R and G. Which formula should be used? From a purely theoretical viewpoint, it is more natural to replace R by ∆RG −γ = 1 in formula (7), so as to entirely separate the issue of optimal capital accumulation from that of optimal redistribution. In effect, optimal capital accumulation is equivalent to removing all returns to capital in the no growth model (R = 1). However from a practical policy viewpoint, it is probably more justified to replace R by R/G in formula (7) and to use observed R and G in order to calibrate the formula. The issue of optimal capital accumulation is very complex, and there are many good reasons why the Modified Golden Rule ∆RG −γ = 1 does not seem to be followed in the real world. In practice, it is very difficult to know what the optimal level of capital accumulation really is. Maybe partly as a consequence, governments tend not to interfere too massively with the aggregate capital accumulation process and usually choose to let private forces deal with this complex issue (net government assets -positive or negative -are typically much smaller than net private assets).
One pragmatic viewpoint is to take these reasons as given and impose period-by-period budget constraint (so that the government does not interfere at all with aggregate capital accumulation), and consider steady-state maximization, in which case we obtain formula (7) with R/G.
Importantly, the return rate R and the growth rate G matter for optimal inheritance rates even in the case with dynamic efficiency. A larger R/G implies a higher level of aggregate bequest flows (Piketty 2011) , and also a higher concentration of inherited wealth. Therefore, a larger R/G leads to smallerb received andb left and hence a higher τ B .
Role of Bi-Dimensional Inequality: Contrast with Farhi-Werning
Our results on positive inheritance taxation (under specific redistributive social criteria) hinge crucially on the fact that, with inheritances, labor income is no longer a complete measure of life-time resources, i.e., that our model has bi-dimensional (labor income, inheritance) inequality.
To see this, consider the Farhi and Werning (2010)'s two-period model where each dynasty lasts for two generations with working parents starting with no bequests and children receiving bequests and never working. In this model, all parents have the same utility function, hence earnings and bequests are perfectly correlated so that inequality is uni-dimensional (and solely due to the earnings ability of the parent). This model can be nested within the class of economies we have considered by simply assuming that each dynasty is a succession of (nonoverlapping) two-period long parent-child pairs where children have zero wage rates and zero taste for bequests. Formally, preferences of parents have the form V P (c, b, l) while preferences of children have the simpler form V C (c). Because children are totally passive and just consume the net-of-tax bequests they receive, parents' utility functions are de-facto altruistic (i.e., depend on the utility of the child) in this model. 10 In general equilibrium, the parents and children are in equal proportion in any cross-section. Assuming dynamic efficiency R∆ = 1 our previous formula (10) naturally applies to this specific model (appendix A.2). Farhi and Werning (2010) analyze the general case with nonlinear taxation with weakly separable parents' utilities of the form U i (u(c, b), l). If social welfare puts weight only on parents (the utility of children is taken into account only through the utility of their altruistic parents), the Atkinson-Stiglitz theorem applies and the optimal inheritance tax rate is zero. If social welfare puts additional direct weight on children, then the inheritance tax is less desirable and the optimal tax rate becomes naturally negative. 11 We can obtain the linear tax counter-part of these results if we further assume that the sub-utility u(c, b) is homogeneous of degree one.
This assumption is needed to obtain the linear tax version of Atkinson-Stiglitz (Deaton, 1979) .
Optimal bequest tax in the Farhi-Werning version of our model. In the parent-child model with utilities of parents such that
degree one and homogeneous in the population and with dynamic efficiency (R∆ = 1),
• If the social welfare function puts zero direct weight on children, then τ B = 0 is optimal.
• If the social welfare function puts positive direct weight on children, then τ B < 0 is optimal.
The proof is in appendix A.2 where we show that any tax system (τ B , τ L , E) can be replaced by a tax system (τ B = 0, τ L , E ) that leaves all parents as well off and raises more revenue.
The intuition can be understood using our optimal formula (10). Suppose for simplicity here that there is no lumpsum grant. With u(c, b) homogeneous, bequest decisions are linear in life-time resources so that b t+1i = s · y Lti (1 − τ Lt ) where s is homogeneous in the population.
This immediately implies that
any behavioral response, bequest taxes are equivalent to labor taxes on distributional grounds because there is only one dimension of inequality left. Next, the bequest tax τ B also reduces labor supply (as it reduces the use of income) exactly in the same proportion as the labor tax. Hence, shifting from the labor tax to the bequest tax has zero net effect on labor supply and e L = 0. As parents are the zero-receivers in this model, we haveb received = 0 when social welfare counts only parents' welfare. Therefore, optimal tax formula (10) withb left =ȳ L and e L = 0 implies that τ B = 0. If children (i.e. bequest receivers) also enter social welfare, then
In that case, formula (10) withb left =ȳ L and e L = 0 implies that τ B < 0.
As our analysis makes clear, however, the Farhi-Werning (2010) two-period model only provides an incomplete characterization of the bequest tax problem because it fails to capture Farhi and Werning (2010) consider this altruistic case. 11 Farhi and Werning (2010) also obtain valuable results on the progressivity of the optimal bequest tax subsidy that cannot be captured in our linear framework. the fact that lifetime resources inequality is bi-dimensional, i.e., individuals both earn and receive bequests. This key bi-dimensional feature makes positive bequest taxes desirable under some redistributive social welfare criteria. An extension to our general model would be to consider nonlinear (but static) earnings taxation. The Atkinson-Stiglitz zero tax result would no longer apply as, conditional on labor earnings, bequests left are a signal for bequests received, and hence correlated with social marginal welfare weights violating assumption 1 of Saez (2002) 
Accidental Bequests or Wealth Lovers
Individuals also leave bequests for non-altruistic reasons. For example, some individuals may value wealth per se (e.g., it brings social prestige and power), or for precautionary motives and leave accidental bequests due to imperfect annuitization. Such non-altruistic reasons are quantitatively important (Kopczuk and Lupton, 2007) . If individuals do not care about the after-tax bequests they leave, they are not hurt by bequests taxes on bequests they leave.
Bequest receivers continue to be hurt by bequests taxes. This implies that the last termb left in the numerator of our formulas capturing the negative effect of τ B on bequest leavers ought to be discounted. Formally, it is straightforward to generalize the model to utility functions As we shall see in Section 4, existing surveys can be used to measure the relative importance of altruistic motives vs. other motives to calibrate the optimal τ B . Hence, our approach is robust and flexible to accommodate such wealth loving effects that are empirically first order.
3 Optimal Inheritance Tax in the Dynastic Model
The Dynastic Model
The Barro-Becker dynastic model has been widely used in the analysis of optimal capital/inheritance taxation. Our sufficient statistics formula approach can also fruitfully be used in that case with minor modifications. In the dynastic model, individuals care about the utility of their heirs V t+1i instead of the after-tax capitalized bequests R(1 − τ Bt+1 )b t+1i they leave. The standard assumption is the recursive additive form V ti = u ti (c, l) + δV t+1i where δ < 1 is a uniform discount factor. We assume again a linear and deterministic tax policy (τ Bt , τ Lt , E t ) t≥0 .
Individual ti chooses b t+1i and l ti to maximize u ti (c ti , l ti ) + δE t V t+1i subject to the individual
utility of individual t + 1i (based on information known in period t). The first order condition
(whenever b t+1i > 0).
With stochastic ergodic processes for wages w ti and preferences u ti , standard regularity assumptions, this model also generates an ergodic equilibrium where long-run individual outcomes are independent of initial position. Assuming again that the tax policy converges to (τ L , τ B , E), the long-run aggregate bequests and earnings b t , y Lt also converge and depend on asymptotic tax rates τ L , τ B . We show in appendix A.3 that this model generates finite long-run elasticities e B , e L defined as in (3) that satisfy (5) as in Section 2. The long-run elasticity e B becomes infinite when stochastic shocks vanish. Importantly, as b t+1i is known at the end of period t, the individual first order condition in b t+1i implies that (regardless of whether b t+1i = 0):
] and henceb
as in (4) for any dynastic Pareto weights (ω 0i ) i .
Paralleling the analysis of Section 2, we start with steady-state welfare maximization in Section 3.2 and then consider discounted utility maximization in Section 3.3.
Optimum Long-run τ B in Steady-State Welfare Maximization
We start with the utilitarian case (uniform Pareto weights ω 0i ≡ 1). We assume that the economy is in steady-state ergodic equilibrium with constant tax policy τ B , τ L , E set such that the government budget constraint τ B Rb t + τ L y Lt = E holds each period. As in Section 2.2, the government chooses τ B (with τ L adjusting to meet the budget constraint and with E exogenously given) to maximize discounted steady-state utility:
where we assume (w.l.o.g) that the steady-state has been reached in period 0. b 0i is given to the individual (but depends on τ B ) while b ti for t ≥ 1 and l ti for t ≥ 0 are chosen optimally so that the envelope theorem applies. Therefore, first order condition with respect to τ B is:
where we have broken out into two terms the effect of dτ B . Using (5) linking dτ L to dτ B ,
, and the individual first order condition u
The sum in (12) is a repeat of identical terms because the economy is in ergodic steady-state.
Hence, the only difference with (6) in Section 2 is that, the second and third terms are repeated (with discount factor δ), hence multiplied by 1 + δ + δ 2 + ... = 1/(1 − δ). Hence, this is equivalent to discounting the first term (bequest received effect) by a factor 1 − δ so that we only need to replaceb received by (1 − δ)b received in formula (7). Hence, conditional on elasticities and distributional parameters, the dynastic case makes the optimal τ B larger because double counting costs of taxation are reduced relative to the bequests in the utility model of Section 2.
Dynastic model long-run optimum, steady-state utilitarian perspective.
Hence, conditional on the sufficient statistics elasticities and distributional parameters, the dynastic model hardly changes the form of the optimal steady-state welfare maximizing τ B relative to the bequests in the utility model of Section 2. Under the standard utilitarian social objective we have used, with enough curvature of utility functions, the distributional parameters
will be low if bequests are more concentrated than earnings. This realistic feature is difficult to obtain with only shocks to productivity (the standard model) but can be obtained with taste shocks. The dynastic utility model also generates large elasticities e B when stochastic shocks are small. Indeed, the elasticity is infinite in the limit case with no stochastic shocks as in the Chamley-Judd model (see our discussion below). Therefore, the dynastic model leads to small optimal steady-state τ B only when it is (unrealistically) calibrated to generate either modest concentration of bequests (relative to earnings) and large elasticities of bequests with respect to 1 − τ B . Our approach shows that, once these key sufficient-statistics are known, the primitives of the model (dynastic vs. bequest loving) are largely irrelevant.
We can also consider general Pareto weights ω 0i . In (12), the sums over t are no longer identical terms as the correlation of social marginal welfare weights ω i0 u ti c with b t+1i and y Lti changes with t. Hence, in that case
left , andȳ L have to be replaced by
. In the zero-receiver meritocratic Rawlsian optimum,b received vanishes so that the simpler formula (8) applies in that case.
If stochastic shocks vanish, then e B = ∞ (see appendix A.3 for a proof) and hence τ B = 0 even in the Meritocratic Rawslian case withb received = 0 discussed above. This nests the steadystate maximization version of Chamley and Judd (presented in Piketty, 2000, p. 444 ) that delivers a zero τ B optimum when the supply elasticity of capital is infinite even when the government cares only about workers with zero wealth.
Finally, it is possible to write a fully general model V ti = u ti (c, b, b, l) + δV t+1i that encompasses many possible bequests motivations. The optimal formula in the steady-state continues to take the same general shape we have presented, although notations are more cumbersome.
Optimum Long-run τ B from Period Zero Perspective
Next we consider maximization of period 0 dynastic utility which has been the standard in the literature and we solve for the long-run optimal τ B . The key difference with Section 2.3 is that bequest behavior can change generations in advance of an anticipated tax change.
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To understand the key intuitions in the most pedagogical way, let us first assume inelastic earnings y Lti . Because labor supply is inelastic, we assume without loss of generality that τ L = 0
and that bequest taxes fund the lumpsum grant so that
given. Let (τ Bt ) t≥0 be the tax policy maximizing EV 0 , i.e., expected utility of generation 0.
Assume that τ Bt converges to τ B . Consider a small reform dτ B for all t ≥ T where T is large so that all variables have converged to their limit. Using the envelope theorem for b ti , we have:
The first term is the mechanical welfare effect (absent any behavioral response) while the second term reflects the welfare effect due to behavioral responses in bequest behavior affecting tax revenue (and hence the lumpsum grant). Importantly, note that the second sum starts at t ≥ 1 as bequests may be affected before the reform takes place in anticipation. At the optimum,
with
the elasticity of b t with respect to the small reform dτ B (for all t ≥ T ).
For t ≥ T , τ Bt changes by dτ B and the bequest decision is directly affected. When t → ∞, e Bt converges to the long-run elasticity e B of b t with respect to 1 − τ B as in Section 3.1.
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For t < T , τ Bt does not change, hence bequest decisions are only affected in anticipation of the future tax increase. In a model with no stochastic shocks (as in Chamley-Judd) , the full path of consumption is shifted up for t < T and then decreases faster for t ≥ T . This implies that bequests start responding from period 1 even for a very distant tax reform. In the stochastic model however, the anticipation response is attenuated as individuals hit the zero wealth constraint almost certainly as the horizon grows (see appendix A.3). Therefore, we can assume that e Bt is non-zero only for t large at a point where τ Bt , b t and c ti have converged to their long-run distribution. Hence, we can define the total elasticity e 
Using the definitionb
received from (11) we therefore obtain, Dynastic model long-run optimum, period 0 perspective, inelastic labor supply.
where e pdv B , defined in (15), is the total (post-reform and anticipatory) elasticity of the present discounted value of aggregate bequests to a long-term distant pre-announced bequest tax increase.
Six points are worth noting about formula (16). First, it shows that the standard equityefficiency approach also applies to the standard dynastic model. The first expression in (16) takes the standard optimal linear tax rate form, decreasing in the elasticity e pdv B and decreasing with the distributional parameterb received . The key is to suitably define the elasticity e pdv B . As argued above, this elasticity is infinite in the Chamley-Judd model with no uncertainty so that our analysis nests the Chamley-Judd zero-tax result. However, whenever the elasticity e pdv B is finite, the optimal tax rate is positive as long asb received < 1, i.e., bequests received are negatively correlated with marginal utility u ti c which is the expected case. This point on the sign of optimal long-run bequest taxation was made by Chamley (2001) although he did not derive an optimal tax formula. He also crafted an example showing thatb received > 1 is theoretically possible.
Second, there is no double counting in the dynastic model from period 0 perspective. Hence, the cost of bequests taxation can be measured either on bequests receivers (first formula in (16)) or equivalently on bequests leavers (second formula in (16)). This shows that the optimal τ B in the dynastic model takes the same form as (9), the long-run optimum with social discounting from Section 2, ignoring the welfare effect on bequests receivers, i.e., settingb received = 0.
14 Third, we can add labor supply decisions. Considering a dτ B , dτ L trade-off modifies the optimal tax rate as expected.b received andb left in (16) need to be replaced byb
pdv L the elasticity of aggregate PDV earnings (see appendix S.1.3).
Fourth, optimal government debt management in the closed economy would deliver the Modified Golden rule δR = 1 and the same formulas continue to hold (see appendix S.1.4).
Fifth, we can consider heterogeneous discount rates δ ti . Formula (16) still applies with
. Hence,b received puts weight on consistently altruistic dynasties, precisely those that accumulate wealth so thatb received > 1 and τ B < 0 is likely. In that case, the period 0 criterion puts no weight on individuals who had non-altruistic ancestors. This fits with aristocratic values, but is the polar opposite of realistic modern meritocratic values.
Hence, the dynastic model with the period zero objective generates unappealing normative recommendations when there is heterogeneity in tastes for bequests.
Sixth, adding Pareto weights ω 0i that depend on initial position delivers exactly the same formula as the long-run position of each individual is independent of the initial situation. This severely limits the scope of social welfare criteria in the period 0 perspective model relative to the steady-state welfare maximization model analyzed in Section 3.2.
Numerical Calibrations
We use wealth surveys for France (Enquête Patrimoine 2010) and the U.S. (Survey of Consumer Finances 2010) to calibrate the general steady-state formula (see appendix S.3 for details)
which incorporates growth G (Section 2.3) and wealth loving motivations ν (Section 2.5). We consider the following benchmark values for the parameters:
R/G = e (r−g)H = 1.82 with r − g = 2% and H = 30 years, and ν = 1 (pure bequests motives).
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We discuss these parameter choices and carry out sensitivity analysis in Table 1 below.
We use the joint micro-level distribution of bequests received, bequests left, and life-time labor earnings (b ti , b t+1i , y Lti ) from the survey data to compute the distributional parameters
left andȳ L using definition (4). This requires specifying social welfare weights g ti . To be agnostic and explore heterogeneity in optimal τ B across the distribution, we consider percentile p-weights which concentrate uniformly the weights g ti on percentile p of the distribution of By definition,b received increases with p. As we shall see,b left also increases with p as large receivers tend to leave higher than average bequests themselves whileȳ L only mildly increases with p.
Those distributional parameters are computed within the population of individuals aged 70 and above. 16 We use retrospective questions about bequest and gift receipts available in both surveys to computeb received , questions about current net wealth to estimateb left , and the sum of wage, self-employment, and pension income (usually proportional to past earnings) to computē y L . Wealth of married individuals is defined as household wealth divided by two. Bequest received is defined as the sum of bequests and gifts received by both spouses divided by two.
17 Figure 1 depicts the optimal linear inheritance tax rate τ B from the perspective of each percentile p of the distribution of bequest received. We find that in both countries the optimal tax rate is about 50% for the bottom 70% of the population, then falls abruptly and becomes 15 We use ν = 1 in Figures 1 and 2 . A more realistic (and still conservative) value based on estimates from Kopczuk and Luton (2007) is probably ν = 0.7 (see our discussion in Table 1) . 16 We focus on older cohorts because they have already received bequests from their parents, and will soon leave bequests to their children. Hence, we can estimate both the distribution of bequests received and left. Wealth at age 70 and above overestimates bequests left because of late life consumption and charitable giving. We repeated the computations separately for individuals aged 60-69, 70-79, 80-89, with almost identical results.
17 Using transmissible net wealth (excluding pension funds) rather than net wealth or using information on past occupation to estimateȳ L had very small effects on estimates.
negative within the top 20% of inheritors (particularly for the top 10%).
18 Because of the very large concentration of inherited wealth, the bottom 50% receive only about 5% or total bequests in both the US and France. Hence,b received is close to 0% for the bottom 50%, and barely higher for the next 20%. In both countries, bottom 50% bequest receivers have earnings fairly close to national averages (withȳ L around 90-95%), but leave substantially less wealth than average to their children (withb left around 60%-70%). This explains the stability of τ B across percentiles in the bottom 70% in Figure 1 . Even though bottom 70% receivers enjoy leaving bequests, it is in their interest to tax bequests at relatively large rates, so to as reduce their labor tax burden.
Optimal tax rates are close in both countries but start falling at a lower percentile in France.
This is due to the larger concentration of inherited wealth in the U.S. (i.e.b received remains very close to 0% until percentile 80 in the U.S., while it becomes significant after percentile 70 in France). Conversely,b left among bottom 50% receivers is larger in the U.S., suggesting higher wealth mobility. Those differences could reflect reporting biases (bequests received might be particularly under-reported in the U.S., which would explain both findings) and should be further analyzed in future research (see appendix S.3 for a detailed discussion).
As our results show, inheritance taxation involves deeply conflicting economic interests:
bottom receivers benefit from high inheritance tax rates, but relatively large groups at the top would benefit from inheritance subsidies. Beliefs about wealth mobility are also key. Overoptimism about the prospect of leaving large bequests would lower perceived optimal tax rates.
Next, we explore in Table 1 sensitivity of optimal τ B with the key parameters around the benchmark case, e L = 0.2, τ L = 30%, R/G = e (r−g)H = 1.82, ν = .7, and the Meritocratic Rawlsian optimum, i.e., maximizing the welfare of bottom 50% bequest-receivers (who receive negligible bequests). In all panels, we display optimal tax rates for France and the US for various values of the bequest elasticity e B =ê B = 0, 0.2, 0.5, 1, the key elasticity parameter.
First, regarding this key bequest elasticity e B , we chose a benchmark value e B = 0.2 in Figure   1 . Using U.S. time and cross-section variations, Kopczuk and Slemrod (2001) find elasticities e B around 0.1-0.2. There remains considerable uncertainty about e B . More empirical work on this key parameter would be valuable. With e B = 0, the optimal inheritance tax rate for bottom receivers would be about 70% (rather than 60%). With e B = 0.5, it would be about 50%. Even with an elasticity e B = 1, which seems implausibly high, the optimal inheritance tax rate would still be about 35% in both countries (Table 1 , panel 1, and Figures A1-A2 ).
Second, we chose a benchmark value R/G = e (r−g)H = 1.82, which corresponds to r−g = 2% and H = 30 years. Historically, the difference between the average annual rate of return to wealth and the growth rate has been closer to 3%-4% or even higher (Piketty 2011 , Table II, p.1122 . With r − g = 3%, optimal inheritance tax rates would be close to 70%, both in France and in the US. Conversely, assuming r − g = 0%, i.e., R/G = 1, which can be interpreted as the case with dynamic efficiency and optimal capital accumulation, optimal inheritance tax rates fall to about 40% in both countries (Table 1 , panel 2 and Figures A3-A4 ).
Third, Table 1 uses a benchmark value ν = 70% for bequest motives strength. Kopczuk and Luton (2007) show that there is substantial heterogeneity in the distribution of motives for wealth accumulation. The average fraction of the population with a bequest motive is between one half and two thirds, hence ν = 70% is on the high end. With ν = 0%, i.e. in the complete absence of bequest motives, e B is the sole limiting factor for optimal tax rates, which would then be over 80%. Conversely, with ν = 100%, i.e. wealth accumulation is fully driven by bequest motives, the optimal tax rate would fall to about 50% (Table 1 , panel 3 and Figures A5-A6 ).
Fourth, Table 1 , panel 4 shows that optimal bequest tax rates increase with the labor elasticity e L but moderately so: the optimal τ B is only slightly higher for e L = .5 (upper bound on the labor elasticity based on a large empirical literature) than for e L = 0.
Fifth, to illuminate the crucial role played by wealth inequality and mobility, we also provide estimates using the micro files of estate tax returns collected by Piketty, Postel-Vinay, and Rosenthal (2011) in the Paris archives over the 1872-1937 period, a time characterized by large inheritance flows and extreme wealth concentration (with over 90% of aggregate inheritance received by top 10% successors). These highly reliable, exhaustive administrative data cover wealth over two generations. We find thatb left is as low as 20%-30% for the bottom 80% receivers (roughly the zero-receivers), implying very high optimal inheritance tax rates for zero-receiverstypically above 75% for moderate elasticities e B (Table 1 , panel 5 and appendix S.3).
Sixth, it is possible to extend the optimal linear tax formula to nonlinear bequest taxation that takes the form of a simple two-bracket tax with a flat tax rate above an exemption threshold, a reasonable approximation to actual schedules. Our formula carries over virtually unchanged by replacing bequests by taxable bequests above the exemption threshold in our formulas (see appendix S.4).
19 Figure 2 shows that in both countries the optimal top tax rate above an exemption level (of 1m $ or e ) is roughly comparable the optimal linear inheritance tax rate.
It is slightly higher in France where bottom 50% bequest receivers have a relatively small
19 It is computationally more difficult to solve for the optimal exemption threshold (and even more so for the optimal many-bracket nonlinear tax schedule). Hence, in Figure 2 and Table 1 , panel 6, we take the exemption threshold as given at 500,000 or 1 million $ (for the US) or e (for France).
probability to leave bequests above such levels. This difference between France and the US could again be partly due to reporting biases (see Appendix S.3). Table 1 panel 6 shows that optimal nonlinear tax rates are higher than optimal linear tax rates for moderate e B (but no longer for large e B ). It is worth noting that these high top inheritance tax rates-around 60%-are very much in line with historical experience, especially in Anglo-Saxon countries from the 1930s to the 1980s, when top estate tax rates were systematically above 60% (Figure 3) . The decline of US top rates since the 1980s could be due to a shift in political power away from the bottom 80% and toward the top 10%. Finally, comparing Figure 2 to Figure 1 shows that a smaller minority at the top opposes top bequest taxes than linear bequest taxes, explaining perhaps why actual bequest taxes often have large exemption levels.
Conclusion and Extensions
This paper has derived robust optimal inheritance tax formulas expressed in terms of sufficient statistics. This approach casts fruitful light on the problem and unifies previous seemingly disparate results. In accordance to the public debate, the optimal tax rate trades-off equity and efficiency. This trade-off is non-degenerate if the elasticity of bequests with respect to taxation is not infinite and inheritances matter for life-time resources and social preferences.
If the elasticity is low, the concentration of inheritances is high, and society favors those with little inheritance, the optimal tax rate is high. Our analysis could be extended in various ways.
First, solving the full non-linear optimum (instead of only the two-bracket case) would be valuable. This complicates the analysis but does not radically change the optimal tax problem.
Second, if the government can use debt, labor taxation τ L is exactly equivalent to a consumption tax τ C even in the presence of bequests provided the government compensates individuals for initial wealth implicitly taxed when switching from labor to consumption tax. Hence, the same formulas for τ B apply when considering the trade-off between bequest taxation and consumption taxation (instead of labor taxation). The view that consumption taxation can successfully tax wealthy idle heirs is illusory because, with labor income taxation, wealthy heirs would have received smaller inheritances to start with. With nonlinear taxation, the full equivalence between labor and consumption tax naturally breaks down. But it is still the case that consumption taxation is a poor instrument to target inheritors, unless inheritance taxes are not available.
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Third, our analysis was limited to capitalized inheritance taxation. That is, the same tax rate τ B is used to tax bequest received b ti and lifetime return to bequest (R − 1)b ti . In our one-period life model, a capitalized inheritance tax τ B is actually equivalent to a pure capital income tax τ K if R(1−τ B ) = 1+(R−1)(1−τ K ) so that our results can also be interpreted as a theory of capital income taxation. In practice, capital income and wealth taxation is much more significant than bequest taxation. Capital income taxation raises other interesting issues. Firstly, as we have seen, life-cycle savings taxation distorts inter-temporal choices with no redistributive benefits.
This would push toward taxing solely bequests and not tax at all capital income. Secondly however, if there is a fuzzy frontier between capital income and labor income, zero capital income taxation would lead to re-characterization of labor income into capital income. To close this loophole, the government can set τ K = τ L and then decrease τ B so that the total tax wedge on capitalized bequests remains the same as in our formulas (see Piketty and Saez, 2012) .
Thirdly, there might be other reasons why capital income taxation could be desirable. Bequests taxation might force inefficient sale of indivisible assets in the presence of credit constraints (or might be more disliked than annual lower capital income or wealth taxes due to fiscal illusion).
More importantly, rates of return on capital vary widely across individuals. To the extent that such risk is not optimally diversified, capital income taxation could be desirable for rate of return insurance reasons. That is, with capital market imperfections, lifetime capital income and wealth taxation might be the efficient way to implement optimal inheritance taxes (Piketty and Saez 2012 present a basic model along those lines).
A.1 Proof of Formula (9) with Social Discounting ∆ We define e Bt as the elastic response of b t to the tax reform dτ = (dτ Bt = dτ B , dτ Lt ) t≥T , so that
where db t is the aggregate bequest response to the full reform dτ . Note that the response of b t starts only in period T (as bequest leavers care only about the net-of-tax bequests they leave). The response builds over generations and eventually converges to the long-run elasticity e B , as defined in (3). We define the elasticity e Lt so that
where dy Lt is the response to the full reform dτ . Period-by-period budget balance requires:
Using the individual FOC V 
The third term is a sum starting at T − 1 (instead of T ), as the reform hurts bequest leavers starting in generation T − 1. As everything has converged for t ≥ T , dividing by Rb t dτ B and
, the FOC is rewritten as:
To parallel the analysis of Section 2.2, we define the discounted elasticities e B ,ê B , e L as follows:
Discounted bequest elasticities: e B = (1 − ∆)
Discounted e L elasticity:
Naturally, in the case e Lt constant in t, then we have e Lt ≡ e L . This is the case with iso-elastic utilities U ti (c − l 1+1/e L , b). Using those definitions we can rewrite the first order condition as:
where the ∆ in the denominator of the third term appears because the sum for the third term starts at T − 1 instead of T . Re-arranging this expression leads immediately to formula (9).
A.2 Optimal Taxation in the Farhi-Werning Model
We can consider steady-state social welfare maximization subject to the generational budget constraint E t = τ Bt b t+1 +τ L y Lt (see appendix S.2) and hence drop any t subscripts. We specialize utility functions to such that V i (c, b, l) = U i (u(c, b), l) with the sub-utility of consumption u(c, b)
homogeneous of degree 1 and homogeneous across individuals in the population. Let us prove that any budget neutral tax system (τ B , τ L , E) can be replaced by an alternative tax system (τ B = 0, τ L , E ) that leaves all parents' utilities unchanged and raises at least as much revenue. We adapt the Kaplow-Laroque recent and elegant proof of the Atkinson-Stiglitz theorem to the linear earnings tax case. Let us denote by p = Starting from the initial tax system (τ B , τ L , E), let us consider the alternative tax system
Hence, it leaves all parents' utilities and labor supply choices unchanged.
This alternative tax system raises as much revenue as the initial tax system. To see this, suppose individual i chooses (l i , c i , b i ) under the initial tax system so that
, this utility is also attained under the initial choice (l i , c i , b i ) which must hence cost at least
so that the new tax system raises at least as much revenue individual by individual.
The alternative system leaves all parents' utilities unchanged and raises more revenue. This implies that τ B = 0 is optimal when social welfare depends solely on parents' utilities. Adding children utilities in social welfare makes τ B less desirable so that τ B < 0 is optimal in that case.
A.3 Anticipated and Long-Run Elasticities in the Dynastic Model
We provide here detailed intuitions for why the anticipatory elasticity e anticip. B , the post-reform elasticity e post B and the long-run steady-state elasticity e B are all finite in the ergodic model with stochastic wages (the Aiyagari model) and why they become infinite when stochastic shocks vanish (the Chamley-Judd model). Last, we show that, in the Chamley-Judd model with endogenous discount rate, the long-run elasticity e B may be finite but the anticipatory elasticity is still infinite. We only provide intuitions rather than fully rigorous detailed proofs because the formal proof can be immediately obtained by combining the Chamley-Judd and Aiyagari results with our optimal tax formulas. Namely, the fact that Chamley-Judd obtain a zero optimal long-run tax rate implies that the elasticity e pdv B is infinite. The fact that Aiyagari (1995) obtains a positive optimal long-run tax rate implies that the elasticity e pdv B is finite.
Non stochastic wages (Chamley-Judd) . Let us consider first the standard case with uniform and constant discount rate δ as in the main text. Let us further assume that δR = 1 and that τ Bt ≡ 0 so that we start from an initial situation with a well defined steady-state.
In the Chamley-Judd model, future wages y Lti are fully known as of period zero. In that case, the natural assumption is that there are no credit constraints and hence the individual first order condition u (c ti ) = δR(1 − τ Bt+1 )u (c t+1i ) always holds.
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In that case, with δR = 1 and τ Bt ≡ 0, the individual fully smoothes consumption c ti = c 0i for all t with c 0i = [1 − 1/R](b 0i + t≥0 y Lti /R t ) to satisfy the inter-temporal budget.
The future tax reform from the main text (dτ Bt = dτ B for t ≥ T ) leads to a decreasing consumption path after the reform and a flat shift of the pre-reform consumption path proportional to R −T dτ B (as it affects the PDV of resources by a factor proportional to R −T dτ B ). The aggregated budget constraint implies that b t+1 = Rb t +y Lt −c t for t < T so that
infinite for large T . As is well known, the long-run elasticity e B is also infinite as any long-run tax starting from a δR = 1 steady-state leads to an exponentially decreasing path of consumption and hence as much individual debt as possible.
Let us know consider the case with endogenous discount factor δ i (c), decreasing in c. In that case, there is a steady-state such that δ i (c i )R = 1 for all i. Intuitively, if δ i R > 1, individual i accumulates more wealth, eventually allowing him to consume more so that δ i R is driven down to one (and conversely). In steady-state (when all variables have converged), c i = (R − 1)b i + y Li and b i is an implicit function of R through the equation δ i ((R − 1)b i + y Li )R = 1. Hence, the individual supply b i is a smooth function of R. Hence aggregate long run bequests b are also a smooth function of R and the long-run elasticity e B is therefore finite. It is still the case however that a future reform shifts the entire (pre-reform) consumption path so that dc 0i ∼ R −T dτ B , which implies db t ∼ R t−T dτ B , e Bt ∼ R t−T Therefore, e anticip. B ∼ T is infinite for large T . This implies that the optimal long-run tax rate τ B is zero in spite of a finite long-run elasticity e B , an important point made by Judd (1985) , Theorem 5.
Stochastic wages (Aiyagari) . In the stochastic model (where we consider only wage shocks and no preference shocks for simplicity of exposition), individual ti solves the problem:
Consider again the future tax reform (dτ Bt = dτ B for t ≥ T ). In any path where b si = 0 for some s such that t < s ≤ T , any current marginal bequest change db t+1i has zero impact on post s generations and hence the future tax rate change is irrelevant for the current decision b t+1i . Concretely, in the scenario where my child fully consumes my bequest and leaves nothing to my grandchildren, a marginal increase in bequest taxes for my grand-children does not affect my bequest decision. Hence, the behavioral response db t+1i to the future tax increase is discounted relative to the Chamley-Judd model with no uncertainty by a factor κ ti (T − (t + 1)) which is the probability that all my descendants from s = t + 1 to s = T all leave positive bequests b si > 0. By ergodicity, as initial wealth is irrelevant in the distant future, for T − s large, κ ti (T − (s + 1))/κ ti (T − s) converges to a constant κ < 1 that depends on the structure of shocks, the tax system, etc. but is uniform across individuals. This constant κ is equal to the fraction of individuals with positive bequests in the ergodic cross-section. Hence, κ is necessarily less than one as long as the fraction of individuals with zero bequests is strictly positive in steady-state. Naturally, when uncertainty in future labor shocks vanishes, κ converges to one. Hence, at the aggregate level, the response db t to the future tax increase starting at date T is reduced by an exponential factor proportional to κ T −t .
As we have seen, in the Chamley-Judd model with no uncertainty and δR = 1, we have db t ∼ δ T −t dτ B . Hence, with stochastic shocks,
In the ergodic long-run, with stochastic shocks, aggregate bequests b t converge so naturally b t will be a smooth function of τ B .
22 In that case, the long-run elasticity e B is finite. This also implies that the post-elasticity e post B = (1 − δ) t≥T δ t−T e Bt is finite, which establishes that is finite and delivers a non-zero optimal τ B as in Aiyagari (1995) .
22 For τ B = 1, there is no incentive to leave bequests and b t = 0. Conversely, for sufficiently large subsidies, if This table presents simulations of the optimal inheritance tax rate τ B using formula (17) 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 Top inheritance tax rate 
where R t = R t (1 − τ Bt ) and w t = w t (1 − τ Lt ) are the after-tax factor prices, v ti is ability of individual ti so that her pre-tax wage is
With budget balance each period and no government debt, total capital in period t is
with CRS production function. Factor prices are given by
The government objective is to choose (R t , w t ) t≥0 to maximize
R t and w t have disappeared from the maximization problem. Considering as above a tax reform (dR t = dR, dw t ) t≥T with dw t set to meet the period-by-period budget constraint, we have
where elasticities e Bt and e Lt are again defined with respect to R t and w t and hence are exactly equivalent to our earlier elasticities with respect to 1 − τ Bt and 1 − τ Lt , i.e., they are pure supply elasticities keeping the pre-tax price of factors constant. Noting that
, calculations follow those from appendix A.1 and we obtain the same formula (9). In the case with government debt, the government dynamic budget constraint
We can consider again the same small reform (dR t = dR, dw t ) t≥T with dw t set to meet the period-by-period budget constraint (S2) so that da t = 0 for all t and the calculations are exactly as in the period-by-period budget balance case. Hence, formula (9) remains valid.
S.1.2 Case with Economic Growth
We consider standard labor augmenting economic growth at rate G > 1 per generation, i.e., individual wage rates w ti grow exogenously at rate G. Obtaining a steady-state where all variables grow at rate G per generation requires imposing standard homogeneity assumptions on individual utilities so that
with U ti (c, b) homogeneous of degree one. In that case, the individual maximization problem can be decomposed into two steps. First, the individual chooses b t+1i taking resources y ti = Rb ti (1 − τ Bt ) + w ti l ti (1 − τ Lt ) + E t as given so that we can define the indirect utility:
With U ti homogeneous of degree one,
Second, the individual chooses labor supply to maximize log[φ
, leading to the first order condition:
Hence, if tax rates converge and w ti , b ti , E t , all grow at rate G per generation, labor supply l ti will be stationary so that an ergodic equilibrium exists (under the standard assumptions).
This implies that utility V ti grows at rate
and y ti grows at rate G, marginal utility V ti c grows at rate G −γ per generation.
23
Steady-state maximization. If the government maximizes steady-state social welfare, we obtain the same equation (6) as in the main text. However, the last term in b t+1i has grown by a factor G relative to b t so that when dividing (6) by Rb t dτ B , we obtain:
which is the same equation as in the main text except that the termb left is multiplied by a factor G. This will lead to the same optimum formula as (7) except thatb left is replaced by Gb left , or equivalently R is replaced by R/G, i.e.,
Social discounting maximization. The government maximizes discounted social welfare:
subject to period-by-period budget balance E t = τ Bt Rb t + τ Lt y Lt . Consider again a reform dτ B so that dτ Bt = dτ B for all t ≥ T (and dτ Lt to maintain budget balance and keep E t constant). We assume that T is large enough that all variables have converged for t ≥ T .
We define elasticities e Bt and e Lt exactly as in equation (A1) 
As everything has converged for t ≥ T , dividing by Rb t G −t (which is constant in steady-state) and using definition (4) 
condition is rewritten as:
There are two differences with the case without growth. First, the G in the numerator of the last term appears because bequests left are from the next period and hence bigger by a factor G (exactly as in the steady-state maximization case presented above). Second, the discount factor ∆ is replaced by ∆G 1−γ because of growth of all quantities (the G factor) and decrease in average marginal utility (the G −γ factor).
We define e B = (1
as the discounted average of the e Bt andê Bt . We then define e L so that:
Using those definitions we can rewrite the first order condition as:
where the ∆G 1−γ expression in the denominator of the third term appears because the sum for the third term starts at T − 1 instead of T . Re-arranging this expression leads immediately to formula (9) with ∆ being replaced by ∆G −γ , i.e.,
When the modified Golden rule holds, we have R∆G −γ = 1 so that formula (10) applies unchanged (all the reasoning with endogenous capital stock applies virtually unchanged). The proof of the Modified Golden Rule with growth can be done exactly as in the case with no growth by considering one small reform dw at period T and the same reform (multiplied by −R) at period T +1. By linearity of small changes, the sum of the two reforms is budget neutral. Hence, it has to be welfare neutral as well. The social welfare effect of the period T + 1 reform is −R∆G −γ times the welfare effect of the period T reform because (a) it is −R times bigger, (b) it happen one generation later so is discounted by ∆, (c) it affects generations which have marginal utility G −γ times as large.
S.1.3 Optimal Long-Run τ B in Dynastic Model with Elastic Labor Supply
Dynastic model long-run optimum, period 0 perspective, and elastic labor supply.
or equivalently
where e pdv L is the elasticity of discounted earnings with respect to 1 − τ L (see below for exact definition), e pdv B defined in (15) 
Proof: We consider the small open economy with exogenous R, period-by-period budget balance, and the utilitarian case (w.l.og.). The government chooses (τ Bt , τ Lt ) t≥0 to maximize
subject to period-by-period budget balance E t = τ Bt Rb t + τ Lt y Lt with E t given. Consider again a reform dτ B so that dτ Bt = dτ B for all t ≥ T (and correspondingly dτ Lt to maintain budget balance and keeping E t constant). We assume that T is large enough that all variables have converged for t ≥ T . Using the envelope conditions for l ti and b ti , we have:
To rewrite this equation in terms of elasticities of b t and y Lt with respect to 1 − τ B and 1 − τ L , we define again e Bt as the elastic response of b t to the tax reform dτ = (dτ Bt , dτ Lt ) t≥0 , so that
where db t is the aggregate bequest response to the full reform dτ . Note that the response of b t may start before period T due to anticipatory effects described in the text. Such anticipatory effects start before T but are vanishingly small as distance to the reform increases. Therefore, we can assume that anticipatory effects take place only after all variables have converged (as long as T is chosen large enough).
The response builds over generations and eventually converges to the long-run steady-state elasticity e B . We similarly define the elasticity e Lt so that
where dy Lt is the labor supply response to the full reform dτ . Period-by-period budget balance requires:
The equation for t < T does not have the term Rb t dτ B on the left-hand-side because the dτ B reform starts at T . However, through anticipatory responses, b t responds before T , requiring an adjustment dτ Lt to balance the budget (and which triggers a labor supply response). Using those equations, (and dividing by Rb t dτ B as b t is constant in the long-term), we rewrite dEV 0 = 0 as:
, we get (as all terms have converged and are identical):
Defining the bequest elasticities as in the main text e so that:
Again, in the case e Lt constant in t, then we have e Lt ≡ e L = e pdv L (e.g., with iso-elastic quasilinear utility functions of the form
This can be easily re-arranged in the first formula in (S5). To obtain the second formula in (S5), we useb left = δR(1 − τ B )b received in the long-run steady-state. Q.E.D.
S.1.4 Modified Golden Rule in the Dynastic Model
We can extend the dynastic model to the case with endogenous factor prices (closed economy) exactly as our model of Section 3.1. Again, this extension requires to be able to tax both labor income and capital at separate and time varying rates so that the government controls after-tax factor prices R t and w t . The optimal τ B formula carries over to the close economy case unchanged and applies both in the period by period budget balance case and when the government can use debt. When the government can use debt optimally, the modified Golden rule δR = 1 holds also in the dynastic model. This can be established exactly in the same way as in our model of Section 3.1. We consider a small reform dw at period T and the same reform (multiplied by −R) at period T + 1. By linearity of small changes, the sum of the two reforms is budget neutral. Hence, it has to be welfare neutral as well. The social welfare effect of the period T + 1 reform is −Rδ times the welfare effect of the period T reform because (a) it is −R times bigger, (b) it happens one generation later so is discounted by δ. This implies that δR = 1. Aiyagari (2005) obtains the same result but uses a government provided public good to establish it. Our proof shows that a public good is not necessary. Any type of reform at periods T vs. T + 1 can prove the result. This shows that the Modified Golden Rule is a robust result of dynamic efficiency.
S.2 Rawlsian Optimal Formula with Generational Budget
In the case of the Rawlsian Meritocratic optimum where social welfare is concentrated among zero-receivers, it is possible to obtain the long-run optimum tax formula (10) that maximizes discounted social welfare with dynamic efficiency as the solution of the much simpler following static problem. The government maximizes steady-state welfare subject to the alternative "generational" budget balance τ Bt b t+1 + τ Lt y Lt = E t so that generation t funds its lumpsum grant E t with taxes on its labor earnings y Lt and taxes on the bequests it leaves. Bequest taxes are collected at the end of the period.
24 This derivation is useful because it delivers the Meritocratic Rawlsian version of (10) without having to introduce discounting and dynamic efficiency issues. Formally, assuming everything has converged to the steady-state (so that t subscripts can be dropped), the government maximizes
Note that bequests received are not included in life-time ressources because ω i is zero for bequest receivers. We denote by g i = ω i V i c / j ω j V j c the normalized social marginal welfare weight on individual i. g i measures the social value of increasing consumption of individual i by $1 (relative to increasing everybody's consumption by $1).
Consider a small reform dτ B > 0, budget balance with dE = 0 requires that dτ L is such that:
where we have used the standard elasticity definitions (3). Using the fact that b i and l i are chosen to maximize individual utility and applying the envelope theorem, the effect of the reform dτ B , dτ L on steady-state social welfare is:
At the optimum, dSW F = 0. Using the individual first order condition V 
The first term captures the positive effect of reduced labor income tax and the second term captures the negative effect on bequest leavers. Letȳ L andb left be the population averages of g i · y Li /y L and g i · b i /b, we have:
Meritocratic Rawlsian Steady-State with Generational Budget Balance. The optimal tax rate τ B that maximizes long-run welfare of zero-bequest receivers with period-by-period "generational" budget balance τ Bt b t+1 + τ Lt y Lt = E t is given by:
This formula is consistent with the dynamically efficient formula because it considers the "generational" budget constraint τ Bt b t+1 + τ Lt y Lt = E t instead of the cross-sectional budget constraint τ Bt Rb t + τ Lt y Lt = E t . This works for zero-receivers because the welfare trade-off involves solely current labor taxes vs. taxes paid on bequests left for the same generation t. If the social welfare function puts weight on bequests receivers, this "generational" budget fails to be consistent with the dynamic efficient case because of the welfare term involving bequests received. 25 In contrast the cross-sectional budget (from the main text) works for the term involving bequests received but fails for bequests left. Hence in the general case involving both bequests receivers and bequests leavers in social welfare, two generations are involved and there is no steady-state budget short-cut that can be consistent with the dynamically efficient case. In that case, we need to go back to the analysis presented in the main text.
S.3 Calibration and Numerical Simulations Details
All detailed calibration results, computer codes and formulas are provided in the data appendix file available on line. Our main sensitivity checks are reported on Figures A1-A6 and are commented in Section 4 of the paper. Figures A1-A6 are based on formula (17) using the following benchmark values for the parameters:
.82 with r − g = 2% and H = 30 years. Optimal tax rates τ B are reported for each percentile p of the distribution of bequest received, i.e., τ B (p) is the optimal τ B when social welfare weights are fully (and uniformly) concentrated on percentile p of bequests receivers. Many supplementary sensitivity checks are provided in the excel file. One can also use the file to change the parameters and graph the resulting optimal tax rates series, both for linear and two-bracket tax specifications (with thresholds at $500,000 or e and $1,000,000 or e). Here we clarify and highlight a number of technical issues and limitations of our calibrations, which should be better addressed in future research.
Reporting bias. Most importantly, we did not try to correct for reporting biases in either EP 2010 or SCF 2010. This is potentially a serious problem, because respondents in wealth survey are known to massively underreport bequest and gift receipts. In France, the aggregate annual flow of bequests and gifts reported in household wealth surveys is less than 50% of the aggregate flow found in fiscal data -which is troubling, given that the latter ignores tax exempt assets such as life insurance, and hence is a lower bound for the true economic flow (see Piketty 2011) . When the under-reporting rate is the same for all bequest receivers, then the distributional ratiosb received andb left are unaffected, and our resulting optimal tax rates are unbiased.
However there are reasons to believe that reporting rates are not randomly distributed. For instance, it could be that individuals who have gone through a downward sloping wealth trajectory-i.e. who inherited $500,000 twenty years ago and only have $100,000-tend to forget to report their inheritance more often than average. On the contrary, it could be that individuals with high current net worth like to present themselves as "self-made" individuals and therefore tend to not to report bequests and gifts (even if they represent only part of their current wealth). It could also be that both types of under-reporting are present whenever bequest receipts are very large: large inheritors just tend to forget, whatever happens to their wealth trajectory.
Preliminary analysis of the data suggests that this latter bias is indeed what is happening, probably in both countries, and particularly so in the US: there are too few individuals reporting large bequests and gifts in the retrospective questionnaires (as compared to the number of decedents with large wealth in previous surveys). In both countries, a substantial fraction of the population actually reports no bequest or gift receipt at all. Per se this is not necessarily problematic: given the large concentration of wealth (bottom 50% receivers usually receive less than 5% of aggregate bequest flow), it is natural that the bottom half reports very little bequest and gift or not all. Hence, we randomly attribute bequest received to bottom percentiles so as to obtain a continuous distribution and replicate the actual wealth shares. 26 In France, about 50% of the population aged 70-year-old and over reports positive bequest or gifts (up from about 30% within the 18-to-29-year-old), which is consistent with tax data. In the US, however, it is only 30% (up from about 10% among the 18-to-29-year-old). This can be partly explained by the higher level of wealth inequality observed in the US, but this does not seem to be sufficient. Another possible explanation is the stigma associated to inheritance in US society (where "self made" values are particularly strong in moral and political discourses). Yet another possible explanation is the fact that the retrospective questionnaire is more detailed in the French wealth survey than in the US survey. In particular, the French survey asks separate questions about bequests and gifts received by each spouse, whereas there is only one question for both spouses in the SCF (so it is possible that the respondent sometime responds solely for himself or herself, although he or she is asked not to do so). In any case, there is a basic inconsistency between the self-reported bequest flow in current wealth survey and the theoretical bequest flow that one could compute by applying mortality rates to parental wealth reported in previous wealth surveys. This is likely to bias downwards optimal tax rates (if only a very small percentage of 26 We used a uniform law with upper bound equal to bottom reported bequests; we tried several specifications, and this made little difference to the resulting estimates. See excel file.
the population reports any positive bequest, then by construction zero receivers make the vast majority of the population and accumulate almost as much as the average, so thatb left is close to 100%, which leads to lower τ B ). This should be addressed in future research. We stress that some of the differences that we obtain between France and in the U.S. (in particular the fact thatb left within the bottom 50% receivers is as large as 70%-80% in the U.S., vs 60%-70% in France; see excel file) might well reflect such reporting biases, rather than true differences in wealth mobility and hence socially optimal tax rates. The calibration results presented in this paper should be viewed as exploratory: they provide illustrative orders of magnitudes for key parameters and optimal tax rates, but should not be used to make fine policy recommendations or comparisons between countries. In order to illuminate the crucial role played by wealth inequality and mobility, and the importance of using the right data sources to estimate these distributional parameters, we provide in the on-line appendix file detailed estimates using the micro files of estate tax returns collected by Piketty, Postel-Vinay and Rosenthal (2011) in the Paris archives over the 1872-1937 period. This is an interesting time period to look at, since it was characterized by large inheritance flows and extreme wealth concentration (with over 90% of aggregate inheritance received by top 10% successors). In addition, this is highly reliable, exhaustive administrative data covering wealth over two generations (something that is usually difficult to do), which does not suffer from the same self-reporting biases as the contemporary survey data. We find thatb left is as low as 20%-30% for the bottom 80% receivers (maybe with a slight rise over the period). This would imply very high optimal inheritance tax rates -typically above 80% for the benchmark values parameters used here. 27 This would also suggest that wealth mobility has increased quite spectacularly between Paris 1872-1937 and either France 2010 or the US 2010 (which would make sense, given the decline in both the aggregate level of inheritance flows and the concentration of inherited wealth). However given the data sources biases for the recent period, it is difficult to make a precise comparison. It would be valuable to use similar administrative data for the recent period. We leave this to future research.
Individual bequest motives and rates of return. It would be valuable to introduce individual specific estimates for the strength of bequest motive ν (using available questionnaires) and for capitalization factors (here we applied the same annual real rate of return to all bequests and gifts; this seems to have rather limited impact on optimal tax rates, however; see excel file).
Utilitarian optimum. It would be interesting to use our estimates to compute the full social optimum implied by various social welfare functions, in particular the utilitarian optimum. In effect, this would amount to computing a weighted average of the optimal tax rates depicted on Figure 1 , with weights given by the marginal social value of extra income for the different percentiles of the distribution of bequest received. The exact result will depend with the curvature γ, but it is pretty obvious that for any reasonably large curvature (putting sufficiently more weights on bottom deciles), the utilitarian optimum will be very close to the bottom 70%
27 Note also that it is possible that theȳ L effect pushes in the same direction: in a rentier society where the very rich do not work, thenȳ L can be larger than 100% for the poor and the middle class. Unfortunately we do not observe labor earnings in estate tax returns, so we cannot really say.
receivers' most preferred tax rate. A more complicated issue is to decide whether one should use the same curvature within each percentile of the distribution of bequest received. In effect, our calibrations ignore redistribution issues between individuals in the same percentile of bequest received, but with different labor incomes. The full social welfare optimum should also introduce this dimension of redistribution.
Effect of τ B on distributional parameters. It would be valuable to introduce more structure into our calibrations. In our baseline estimates, we simply compute the optimal tax rates by plugging observed distributional ratios into the optimal tax formula. However in practice distributional ratios should respond to change in tax rates, thereby implying that our baseline estimates are biased upwards. In particular, one needs to put a minimum structure so thatb 
. The main difficulty with this approach is that one needs to specify the current tax system, which in practice is highly non-linear, and relies much more on the annual taxation of the flow of capital income and corporate profits (and on annual property or wealth taxes) and on inheritance taxes. Taking all forms of capital taxes together, the average effective capital tax rate is about 30%-40% in both France and the US. Preliminary estimates using this simplified view of the current tax system lead to the conclusion that the extra effects implied by the linear structure would not be very large -as long as the optimal tax rate is not too different from the current one. For instance, if we take τ current B =40%, and if we start from a situation where τ B = 60%, (which is approximately the optimal linear inheritance tax rate for bottom 70% receivers in both France and the US, see Figure 1 ), then the new corrected optimal tax rate would be reduced to τ B 55%. We leave more sophisticated calibrations -in particular taking into account the non-linear structure of the tax system -to future research.
Optimal τ B by cohort. Another limitation of our calibrations is that we compute optimal tax rates from the viewpoint of single cohort, namely individuals over 70-year-old in 2010. This corresponds to the cohorts born in the 1920s-1930s, who received bequests from their parents mainly in the 1970s-1980s, and who are about to leave bequests to their children in the 2010s-2020s. The problem is that we are not in a steady-state. In France, the aggregate annual flow of bequest was slightly over 5% of national income in the 1970s, and has gradually increased in recent decades, up to about 15% of national income in the 2010s (Piketty, 2011) ; in the U.S., the trend is going in the same direction, though probably with a lower slope.
28 In other words, we have computed optimal tax rates from the viewpoint of cohorts who at the aggregate level have received less bequests than what they will leave -which biases downwards optimal rates.
Formula using aggregate bequest flow. In Piketty and Saez (2012) , we show that the 28 The series by Piketty and Zucman (2013) show that the aggregate wealth-income ratio has increased significantly in the US since the 1970s, but less strongly than in Europe. The US also has larger demographic growth (younger population and lower mortality rates) and larger non-transmissible, annuitized wealth (pension funds), both further moderating the rise in the aggregate bequest flow.
optimal tax formula can be re-expressed in terms of the aggregate bequest flow b y = B/Y , and we present calibrations illustrating the fact that for a given structure of preferences and shocks, the optimal tax rate is a steeply increasing function of b y . The intuition is the following: with a low b y , there is not much gain from taxing high bequest receivers from my own cohort, and in addition low and high bequest receivers accumulate wealth levels that are not too far apart. In future research, it would be valuable to combine the micro calibrations emphasized here and the macro calibrations presented in the working paper in order to compute cohort-varying, out-of-steady-state optimal tax rates. It is likely that the optimal tax rates from the viewpoint of more recent cohorts will be significantly larger than those for older cohorts.
S.4 Optimal Nonlinear Inheritance Taxation
Our formulas can be extended to the case with nonlinear bequest taxation when the nonlinear bequest tax takes the following simple but realistic form. Bequests below a threshold b * t are exempt and the portion of bequests above the threshold b * t is taxed at the constant marginal tax rate τ Bt . In effect the tax on b ti is τ Bt (b ti − b * t )
+ . Actual bequest tax systems often do take such a form. Considering multiple brackets with different rates is unfortunately intractable as we explain below. We consider only the basic model of Section 2.2 and the Meritocratic Rawlsian criterion (the formulas can be extended to other models as well). We consider the case with "generational" budget balance so as to be consistent with dynamic efficiency (as is possible when considering the zero-receivers optimum as discussed in appendix S. 
with E given and τ L and τ B linked to meet the "generational" budget constraint, E = τ B B t+1 + τ L y Lt . The aggregate variable B t+1 is a function of 1 − τ B (assuming that τ L adjusts), and y Lt is a function of 1 − τ L (assuming that τ B adjusts). Formally, we can define the corresponding long-run elasticities as:
Using the fact that b t+1i and l ti are chosen to maximize individual utility and applying the envelope theorem, the fact that R(b ti − τ B B ti ) ≡ 0 for zero-receivers, the effect of dτ B , dτ L is:
At the optimum, dSW F = 0. Using the individual first order condition V ti c B t+1i = R(1 − τ B )B t+1i V ti b , and the expression above for dτ L , and the definition of g ti , we have:
Letȳ L ,B left be the population averages of g ti · y Lti /y Lt , g ti · B t+1i /B t+1 . Dividing by B t+1 dτ B , the first order condition is rewritten as:
Finally, as in optimal top labor income taxation (Saez, 2001) , we can define the elasticity e b of top bequests (i.e., the full bequests among taxable bequests) with respect to 1 − τ B . It is related to elasticity of aggregate taxable bequests e B through the Pareto parameter a of the bequests distribution through the simple equation i.e., a · e b = e B . Hence, we can state:
Nonlinear Top Rate Steady-State Rawlsian Meritocratic Optimum. The optimal tax rate τ B above threshold b * that maximizes long-run steady state social welfare of zero-receivers with "generational" budget balance is given by:
whereB left andȳ L are the average taxable bequests and average labor income among zeroreceivers (relative to population wide averages), e B is the elasticity of aggregate taxable bequests, a is the Pareto parameter of the bequest distribution, and e b the elasticity of full bequests (among taxable bequests). r-g=3% r-g=2% r-g=1% r-g=0%
